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Description 

TRANSLUCENT, FLAME RESISTANT 
COMPOSITE MATERIALS 

Background of Invention 

[0001] The present invention generally relates to composite ma- 
terials and more specifically to translucent, flame resistant 
composite materials that may be used in aircraft interiors 
and other aerospace applications. 

[0002] The interiors of commercial aircraft are typically formed 
with a large number of components in many shapes and 
forms that have both practical and aesthetic functions. It 
is also highly desirable that certain of these components 
be translucent, i.e. that these panels should allow light to 
pass through them for various purposes (i.e. be transmis- 
sive). Examples of translucent interior components may 
include but are not limited to partitions, windscreens, 
class dividers, privacy curtains, sidewalls, ceilings, door- 
way linings, lighting fixtures, backlit control panels, stow 
bin doors, tray tables, proximity lighting, and window 



bezels. 

[0003] Besides translucency, materials used in aircraft interior 
components must meet strict Federal Aviation Adminis- 
tration (FAA) requirements in terms of flammability resis- 
tance properties (FAR 25.853 and Appendix F), including 
heat release, vertical burn, smoke emissions tests, and 
toxic fume emissions tests. For example, the standard test 
method for heat release is the Ohio State University heat 
release test as found in FAR 25.853Part IV. 

[0004] p r j or ar t plastic materials used in commercial aircraft 

could not typically achieve the combination of a desired 
transmissivity of light while meeting FAA requirements in 
terms of flammability resistance properties (FAR 25.853 
and Appendix F), vertical burn, smoke emissions tests, 
and toxic fume emissions tests. As such, interior compo- 
nents have typically been made of non-translucent 
(opaque), or marginally translucent plastic materials that 
meet these FAA requirements. 

[0005] it is highly desirable to form a composite material that can 
be post-processed to form substantially translucent inte- 
rior components for use in commercial aircraft cabins that 
meets or exceeds FAA requirements as described above. It 
is also desirable that such a material be low cost in terms 



of manufacture and raw material costs. It is also highly 
desirable that such a composite material be low weight 
and easily conformable to form a potentially limitless vari- 
ety of shapes and configurations for these components. 
Summary of Invention 

[0006] The present invention discloses composite materials that 
meet or exceed the FAA requirements in terms of flamma- 
bility resistance properties (FAR 25.853 and Appendix F), 
including heat release, vertical burn, smoke emissions 
tests, and toxic fume emissions tests. The composite ma- 
terials are post-processed to form various translucent 
components used throughout the interior of a cabin on an 
aircraft that allow transmissivity of desirable amounts of 
light. 

[0007] The composite material consists of long glass fibers en- 
capsulated within a polyphenylsulfone (PPSU) substrate 
material. The long glass fibers are preferably configured 
within a loose weave or may alternatively be unidirectional 
in nature so long as the fibers meet the requirements for 
light transmission and flammability. 

[0008] The composite material is formed as a two-layer or three- 
layer system. In the two-layer system, the glass fibers are 
laminated to one side of the PPSU substrate. In a three- 



layer system, the glass fibers are sandwiched between and 
laminated to two layers of the PPSU substrate. The pre- 
ferred manufacturing processes identified for forming the 
two-layer or three-layer panels a thermal pressing pro- 
cess and a continuous fiber impregnation process. The 
composite material is cut and thermoformed or bended to 
the shape of the final part. 
[0009] other objects and advantages of the present invention will 
become apparent upon considering the following detailed 
description and appended claims, and upon reference to 

the accompanying drawings. 
Brief Description of Drawings 

[0010] Figures 1-14 illustrate various perspective views of a 

cabin region of a commercial aircraft having translucent 
components formed according to the present invention; 

[0011] Figure 15 is a side view a two-layer composite material 
having weaved fibrous material used to form the translu- 
cent components of Figures 1-14; 

[0012] Figure 16 a side view a three-layer composite material 

used to form the translucent components of Figures 1-14; 
and 

[0013] Figure 17 a side view a two-layer composite material hav- 
ing unidirectional fibers used to form the translucent 



components of Figures 1-14. 
Detailed Description 

[0014] The present invention describes the formation of compos- 
ite materials that are ideally suited for use as translucent 
components for various devices contained within cabin 
areas of commercial aircraft due to their light transmissiv- 
ity properties and flame retardancy. As one of ordinary 
skill recognizes, however, the composite materials may be 
used in other applications not directly related to commer- 
cial aircraft. For example, the composite materials could 
find usage in other aerospace applications or even in non- 
aerospace applications such as automotive applications. 

[0015] Figures 1-14 illustrate various views of an interior, or 

cabin region 12, of a commercial aircraft 10. The aircraft 
10 has a wide variety of translucent components 14 that 
are traditionally found within the cabin region 12 that are 
formed from a novel composite material 70 that is the 
subject of the present invention. 

[0016] The components 14 formed are light transmissive to allow 
for a pleasing glow or to allow for use as primary lighting 
within the cabin region 12. 

[0017] The materials also meet flammability standards. For ex- 
ample, the standard test method for heat release is the 



Ohio State University heat release test as found in FAR 
25.853, Part IV, in which the maximum allowable average 
heat release for interior panels contained with the cabin 
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area of commercial airlines does not exceed 65kw/m as 
measure at a two minute interval and for a peak rate at 
five minutes. This is also known in the industry as the 
65/65 standard (peak heat release/total heat release). 

[0018] The translucent components 14 also meet Federal Avia- 
tion Association (FAA) certification requirements for ma- 
terials used overhead in the passenger cabin area 12. 
These certification requirements state that the composite 
material 70 must not drip or dislodge from their desig- 
nated flight configuration such that they inhibit egress 
when exposed to a temperature of 500 degrees Fahren- 
heit (260 degrees Celsius) for five minutes. 

[0019] Non-limiting examples of translucent components 14 that 
are formed from the composite material 70 of the present 
invention include, countertops 16, cabinet enclosures 18 
such as wastebaskets, tray tables 20, backlit lighted signs 
22 such as emergency exit signs 24, illuminating window 
panels 26 having light emitting diode displays 28, window 
bezels 30, class dividers 32, privacy partitions 34, backlit 
ceiling panels 36, direct lighting ceiling panels 38, lighted 



doors 40, lighted door latches 42, doorway linings 44, 
proximity lights 46, stow bin doors 48, privacy curtains 
50, translucent door handles 52 (capable of changing 
from red to green, for example), translucent amenities 
cabinets 54, translucent sink decks 56 for lavatories and 
kitchens (with or without an appropriate undersink enclo- 
sure 58), doorway liners 60, stow bin latch handles 62, 
lighted phones 64, and backlit control panels 66. While 
these components 14 are illustrated in one preferred ar- 
rangement, it is understood that the number, type, and 
location of these translucent components 14 may vary 
greatly among various types of commercial aircraft 10 are 
not meant to be limited to the illustrated arrangement. 

[0020] Figures 15-17 illustrate three preferred composite mate- 
rials 70 that can subsequently be post-processed to form 
the translucent components 14 of Figures 1-14. Figure 15 
illustrates a two-layer composite material, while Figure 16 
illustrates a three-layer composite material. In addition, 
Figure 17 illustrates another preferred two-layer compos- 
ite material utilizing a unidirectional fiberglass material. 
Each is described below. 

[0021] Referring now to Figure 15, a two-layer composite mate- 
rial 70 is formed by laminating a layer of weaved fibrous 



material 72 to a substrate material 74. In Figure 16, a 
three-layer composite material 70 is formed by introduc- 
ing second layer of substrate material 76 having the same 
composition as first layer 74 such that the fibrous mate- 
rial 72 is sandwiched and laminated between first and 
second layer 74, 76. In an alternative preferred embodi- 
ment, as shown in Figure 17, a unidirectional, non- 
weaved fibrous material 72 is laminated to the substrate 
material to form another two-layer translucent composite 
material 70. 

[0022] of course, while three preferred embodiments are illus- 
trated in Figures 15-17, other preferred embodiments are 
specifically contemplated. For instance, one three-layer 
composite material 70 consists of a weaved fibrous mate- 
rial 72 sandwiched between and laminated to the first 
layer 74 and second layer 76 as in Figure 16. Also, two 
layers of fibrous material 72 (weaved or unidirectional) 
could be introduced to a top and bottom surface of the 
substrate material 74 to form another composite material 
70. 

[0023] The substrate material 74 is chosen based on the applica- 
tion for which it is utilized. In the case of airplane interior 
components 14, the substrate material 74 is chosen to al- 



low adequate light transmissivity for the desired compo- 
nent. The substrate material 74 has the ability to soften to 
permit lamination of the fibrous material 72 as well as be- 
ing able to be post processed to form a translucent com- 
ponent 14 having a desired shape and thickness. It is also 
desirable that the substrate material 74 is low cost, 
durable, and is available in varying thickness to provide 
design flexibility. Additionally, the substrate material 74 
should be compatible with the fibrous material 72 and re- 
sist degradation due to light, heat, and stress. 

[0024] one thermoplastic resin that meets these requirements is 
polyphenylsulfone, otherwise known as PPSU. PPSU is a 
translucent thermoplastic material typically that is rela- 
tively light transmissive and typically has a light brown 
tint. As one of ordinary skill appreciates, many grades of 
PPSU are commercially available, each having slightly 
varying transmissivity and flammability resistant proper- 
ties. One preferred PPSU material is Radel PPSU, available 
from Solvay Advanced Polymers, LLC. 

[0025] The fibrous material 72 is added to the PPSU substrate 74, 
76 material to provide retention of the composite panel 
60 in the event of fire. The fibrous material 72 laminated 
within the substrate or substrates 74, 76 allows compli- 



ance with the FAA certification requirement for flammabil- 
ity resistance properties, including heat release, vertical 
burn, smoke emissions tests, and toxic fume emissions 
tests. Long glass fibers 78 are preferred for use as the fi- 
brous material 72, 70 due to their ability to act as thermal 
insulators, their ability to allow the substrate 70 to pass 
flammability tests, their ability to not overly decrease light 
transmissivity, and their overall appearance within the 
PPSU substrate 74, 76. 

[0026] The long glass fibers 78 utilized should have a thread 

count that is coarse enough to allow sufficient light trans- 
mission between the fibers 78 and through the substrate 
74, 76. Also, there should be sufficient volume of fibers 
78 in the fibrous material 72, 70 to produce a thermal in- 
sulation capacity necessary to achieve the minimum 
flammability properties. Further, visible fibers 78 in the 
composite material 70 should have a consistent appear- 
ance. Additionally, sufficient density of fibers 78 should 
be present to ensure article retention. 

[0027] Preferably, the long glass fibers 78 have melting tempera- 
tures substantially above the melting temperature of the 
PPSU substrate 74. Preferably, the glass fibers are able to 
support the PPSU substrate 74 once the PPSU substrate 74 



is softened at about 500 degrees Fahrenheit. Two types of 
glass fibers 78 that meet these criteria are e-glass and s- 
glass fibers. 

[0028] The fiber 78 density, thickness, and orientation are all 

properties that may be optimized for a particular applica- 
tion. A higher density of fibers 78, or thicker fibers 78, 
within the PPSU substrate 74 will provide additional 
strength and will act as a heat sink when exposed to fire 
while adversely affecting light transmissivity and overall 
weight. A particular fiber orientation, or fiber weave, may 
also affect weight, flammability, overhead fire retention, 
material strength, and light transmission. Thus, if more 
light transmission is desired, such as in an backlit light 
sign 22 or emergency exit sign, the fiber density, thick- 
ness, and orientation will be set to allow maximum trans- 
missivity while maintaining the 65/65 standard. With tray 
tables 20, the density of glass fiber, for example, may be 
increased compared to backlit light signs 22, as transmis- 
sivity of light is not necessary. 

[0029] The composite material 70 may be formed by many dif- 
ferent and unique methods. Two preferred methods for 
forming the composite material 70 are the thermal press- 
ing process and the continuous fiber impregnation pro- 



cess. Each is described below with respect to the two- 
layer composite material 70 of Figure 15. However, as one 
of ordinary skill recognizes, the same preferred processes 
may be manipulated slightly to form the three-layer com- 
posite material 70 of Figure 16 or the two-layer compos- 
ite material 70 having unidirectional fibers 78 as in Figure 
17. 

[0030] | n the thermal pressing process, the substrate material 74 
and fibrous material 72 are first introduced within a mold. 
The mold is first heated under controlled pressure to 
soften the substrate material 74. This is known as the 
preheating stage. Next, in the impregnation stage, higher 
heat and pressure are introduced to laminate the fibrous 
material 72 to the substrate material 74. The higher heat 
and pressure allows the impregnation of the embedded 
glass fibers 78 and substantially encapsulates the fibers 
78 with the PPSU substrate material 74, therein forming 
the composite material 70. Finally, in the cooling stage, 
the composite material is cooled under controlled heat 
and pressure conditions to control internal stresses and 
warpage. 

[0031] | n 0 ne preferred example of this process, a composite 
sheet 60 of about 0.1 inches in thickness is formed by 



first introducing the PPSU substrate material 74 and fi- 
brous material 72 to a mold. Next, in the preheating 
stage, the mold is heated to about 535 degrees Fahren- 
heit over about 15 minutes. 

[0032] The mold is then held at 535 degrees for about 55 min- 
utes at during the impregnation stage. During this time, 
the pressure is ratcheted upward slowly to prevent out- 
gassing of the PPSU substrate material, therein preventing 
bubbles formed within the composite sheet 70. Thus, be- 
tween 0 and 5 minutes, the pressure is maintained at 
about 15 pounds per square inch part pressure. Between 
5 and 27 minutes, the pressure is maintained at about 50 
pounds per square inch part pressure. Between 27 and 47 
minutes, the pressure is maintained at about 100 pounds 
per square inch part pressure. Finally, between 47 and 55 
minutes, the pressure is maintained at about 200 pounds 
per square inch part pressure. 

[0033] Next, in the cooling stage, the composite part is allowed 
to slowly cool down to 235 degrees Fahrenheit under con- 
stant pressure of about 200 pounds per square inch part 
pressure. The cooling rate is maintained at about 5 de- 
grees Fahrenheit per minute, thus this portion of the 
cooling stage lasts approximately one hour to control in- 



ternal stresses and warpage of the forming composite 
part. 

[0034] Next, to further cool the composite part, the temperature 
within the mold is slowly decreased to about 150 degrees 
Fahrenheit and 100 pounds per square inch part pressure 
to further control internal stresses and warpage. Finally, 
the mold is opened and the composite sheet 70 is allowed 
to cool to room temperature. 

[0035] The thermal pressing technique has many benefits over 
other techniques used for forming composite materials. 
First, the fibers 78 are substantially encapsulated with the 
PPSU substrate material. Also, thermal pressing at a tem- 
perature below the melting point of the PPSU substrate al- 
lows sufficient flex without yield. Finally, the thermal 
pressing technique also allows the incorporation of deco- 
rative features into the composite material. For example, a 
screen print may be added to the fibers 78 prior to adding 
the fibers 78 to the PPSU substrate material 74. 

[0036] | n the continuous impregnation technique, molten PPSU 
resin making up the substrate material 74 is introduced 
from an extruder having a die set between a pair of rollers 
contained within a calendar roll stack. At the same time, a 
sheet layer of fibrous material 72 is unrolled from a roller 



onto the molten layer between the first set of rollers. The 
calendar roll stack, preferably containing three or more 
stainless steel calendar rolls stacked vertically, presses the 
fibrous material sheet layer and molten layer to a desired 
thickness, therein impregnating the PPSU resin within the 
fibrous material 72. The composite material 70 formed 
then is removed from the calendar rolls stack on a con- 
veyor belt line and allowed to cool, therein forming a 
cooled, hardened composite sheet 70. 

[0037] The continuous impregnation technique offers slightly 
different benefits to the thermal pressing technique. For 
example, because the process is continuous, the compos- 
ite sheet material 70 may be formed at a quicker rate than 
with the thermal pressing technique. This is also cost ef- 
fective. Also, the thickness of the material formed may be 
easily modified by adjusting the clearance gap between 
the respective rollers of the calendar stack. Additionally, 
the process also automates impregnation techniques that 
would otherwise have to be accomplished manually. 

[0038] After the composite material 70 is formed by either of the 
preferred techniques described above or by any other 
techniques known to those of skill in the art, the compos- 
ite material 70 is then available to be post-processed for 



the desired application. The type of post processing de- 
pends upon the component 14, and typically involves cut- 
ting, bending or thermoforming the part to a desired 
shape and size. 

[0039] For example, a privacy curtain 50 must remain flexible, 
and is thus formed as a very thin composite material. 
Conversely, a countertop 16 must be able to support 
items placed upon it, and thus is formed with a thickness 
much greater than the privacy curtain 50. 

[0040] Also, for example, the amount of light transmissivity may 
vary based upon the ultimate use of the component. Thus, 
an emergency exit sign 24 may be formed of a thin com- 
posite material 70 and with a lower fiber thread per unit 
area, therein allowing maximum light transmissivity. Con- 
versely, a ceiling may be formed with minimal light trans- 
missivity having higher fiber thread count per unit area, 
therein providing maximum flammability resistance. 

[0041] The component 14 is then available for use within the 
cabin area 12. To form the component, the composite 
material 70 having the desired light transmissivity and 
flame resistant characteristics as described above is bent, 
cut thermoformed or otherwise post-processed in meth- 
ods well known in the art to shape and size the part to the 



desired configuration. 
[0042] while the invention has been described in terms of pre- 
ferred embodiments, it will be understood, of course, that 
the invention is not limited thereto since modifications 
may be made by those skilled in the art, particularly in 
light of the foregoing teachings. 



